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Supplementary table 1 Technical characteristics of components used to construct experimental apparatus 
Component Range Accuracy 
Load cell, Vishay Sensortronics 60001  0-4448 N Load cell combined error = ±1.33 N 
Non-repeatability = ±0.44 N 
Load cell module, SparkFun Electronics 
OpenScale 
 Precision = 710-4 N 
Calibrated accuracy = 0.0021 N 
Actuator with built-in 10 kΩ potentiometer, 
Progressive Automations PA-14P 
0-305 mm 
0-667 N 
Accuracy of displacement 
measurement = 0.05 mm 
Position module, Adafruit ADS1115  Precision = 0.01 mm 
Strain gauge, Omega SGT-1/350-TY11 30000 µɛ Accuracy of gage factor = ±1% 
Strain gauge, HBM 1-LY11-0.6/120  50000 µɛ Accuracy of gage factor = ±1.5% 
Strain module, Adafruit ADS1115  Precision = 14 µɛ 
Accuracy = ±0.5% 
Thermocouple T-type, Omega 5tc-tt-t-40-36 23 - 593 K Accuracy = ±1 K 
Thermocouple module, Adafruit MAX31856 218 - 400 K Precision = 0.0078 K 
Linearity correction error = ±0.07 K 
 
Supplementary table 2 Material properties used in numerical analyses shown in Supplementary figures 4 and 5 
Properties NiTi PEEK 
Young’s modulus for tension (GPa) 34 3.6 
Young’s modulus for compression (GPa) 60  3.6 
Poisson ratio (-) 0.33 0.37 





Supplementary figure 1 DSC (Differential Scanning Calorimetry) traces of a sample extracted from one of the NiTi strips employed 
in this study after the strip was trained in tension, showing phase transformations around 277 K on cooling and 281 K on heating. 




Supplementary figure 2 Strain measured by strain gauge vs. strain calculated from 10 kΩ potentiometer position sensor. The strain 
gauge (SGT-1/350-TY11, Omega) response starts to saturate around 1% where the phase transition initiates, which indicates that 







Supplementary figure 3 IR images of a bare sample (left) and the same sample with strain gauge attached (right) under 4% tension 
strain. Temperature distribution across the sample (a) before loading, (b) after loading, (c) before unloading and (d) after unloading. 
The temperature scales are expanded compared with Figure 3 in the main text to accommodate unloading temperature drops. Before 
loading and unloading temperature of the samples was always equal to room temperature. Even though the average stress-induced 
temperature changes are identical, minor differences in hues on the left and on the right reflect uncontrolled variability of room 
temperature that can be as much as 1 K between the measurements shown on the left and on the right. Minor non-uniformities in 
local temperature distributions in (b) and (d) on the left arise naturally during the martensitic transition, which starts along the 
clearly visible Lüders-type bands [Tušek J. et al., Acta Materialia 150 (2018) 295-307]. The distribution of the Lüders-type bands 
is relatively homogenous, hence temperature distribution across the sample is relatively uniform. On the right, temperature 
distributions are similar to the left, except for the area directly above the strain gauge. This area shows distinctly lower temperature 
changes than the rest of the sample, and it lacks Lüders-type bands. These observations support our argument about different strain 






Supplementary figure 4.  COMSOL finite element analysis of the tensile-bending beam geometry subjected to 110 N load and 
model validation. (a) Model geometry: 1 – NiTi strip, 2 – base beam, red lines – support locations, red dots – load locations. Axial 
(b) strain and (c) stress distribution in the cross-section through sample. (d) Axial strain vs. length of the NiTi strip.  (e) Model 
validation. The purpose of the model was to evaluate stress and strain distribution in the composite structure in elastic region of the 
NiTi stress-strain curve (up to 1% strain amplitude). Supplementary table 2 lists materials properties used in the analysis. The 
numerical results for displacement of the loading fixture and strain on the top surface of elastocaloric material were compared with 
experimental data at given forces. Displacement results are in very good agreement.  Discrepancies in strain below 1% are related 
to the non-linear behavior of NiTi throughout the martensitic transformation that was not included in the model.  However, the 
model is sufficient to approximate strain and stress distribution in the composite structure, especially at 1% strain shown.  Results 
depicted in (b), (c) and (d) show that NiTi is in pure tension with the neutral axis in the base beam. Strain variation across the 
thickness of the NiTi strip is about 2%.  Even though superelasticity was not included in the model, the lower Young’s modulus of 





Supplementary figure 5.  COMSOL finite element analysis of the compressive-bending beam geometry subjected to 218 N load. 
(a) Model geometry: 1 – NiTi strip, 2 – base beam, red lines – load locations, red dots – support locations. Axial (b) strain and (c) 
stress distribution in the cross-section through sample. (d) Axial strain vs. length of the NiTi strip between loading pins. (e) Model 
validation. The purpose of the model was to evaluate stress and strain distribution in the composite structure in elastic region of the 
NiTi stress-strain curve. Materials properties used in the analysis are listed in Supplementary table 2. The numerical results for 
displacement of the loading fixture and strain on the top surface of elastocaloric material were compared with experimental data. 
Strain results are in excellent agreement, but a small discrepancy in the displacement is visible. The numerical simulations confirm 
that the 60 mm of NiTi is entirely in compression and the neutral surface is located in the plastic beam. The strain in NiTi is uniform 
across its length and it decreases by about 8% from the top surface to the bottom. As in the tensile-bending beam, the Young’s 
modulus of NiTi decreases in the superelastic region, which moves the neutral surface closer to the middle of the base beam, 




Heat transfer analysis in a compression beam 
Heat transfer into PEEK can be estimated by considering the response of a semi-infinite medium to a linear 
ramp in temperature at the surface 𝜙 = ?̇?𝑡, where ?̇? is the temperature ramp rate and 𝑡 is the time. The 
response depends primarily on the thermal conductivity, 𝑘, density, 𝜌, and specific heat, 𝑐𝑝of PEEK at 
constant pressure. Carslaw and Jager (Carslaw H. S. and Jager J., Conduction of heat in solids, Oxford 
Clarendon Press 2nd Ed 1959) give the temperature, 𝑇, distribution as a function of time and spatial 
position, 𝑥, in the PEEK as  
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where erfc is the error function compliment and the thermal diffusivity 𝛼 =
𝑘
𝜌𝑐𝑝
. The heat flux, 𝐽, at the 







.                                                             (S2) 
Integrating (S2) over the loading time provides the total heat flow into the PEEK beam during loading. For 
the 1% strain shown in Figure 9 and k = 0.25 (W m-1 K-1),  = 1310 (kg m-3), and cp = 1500 (J kg-1 K-1), 
heat transfer into PEEK is about 0.21 J, which is within 5% of the same determined from the difference in 
temperature changes recorded in tension and compression. 
 
